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Impaired liver regeneration in Gadd45b–/– mice. (A) Percent survival in Gadd45b+/+ (+/+) and Gadd45b–/– (–/–) mice (n = 12) at the indicated 
times after PH. *P < 0.05, log-rank test. (B–K) Images of H&E-stained liver sections from representative Gadd45b+/+ and Gadd45b–/– mice at 
the indicated times after PH. Original magnification: ×20 (B–I); ×40 (J and K); ×40 (J, inset). 0 h, untreated; black arrowheads, necrosis; white 
arrowheads, inflammatory infiltrates; black arrows (J), mitotic figures. (L) Necrosis grade in livers of Gadd45b+/+ and Gadd45b–/– mice (n = 10) 
48 hours after PH. Values are mean ± SEM. *P < 0.05. (M) Inflammation grade in the same livers used in L. Values are mean ± SEM. *P < 0.05. 
(N) Percent mitosis in livers of Gadd45b+/+ and Gadd45b–/– mice (n = 27) 48 hours after PH. Values are mean ± SEM. *P < 0.05. (O) Steatosis 
grade in the same livers used in L. Values are mean ± SEM. Alanine transaminase (ALT) (P) and aspartate transaminase (AST) (Q) activities in 
sera of Gadd45b+/+ and Gadd45b–/– mice prior to (0; n = 3) or 48 hours after (n = 14) PH. Values are mean ± SEM. **P < 0.01.
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Impaired hepatocyte proliferation in Gadd45b–/– mice after PH, despite normal cytokine induction. (A) Histomorphometric quantification of BrdU+ 
nuclei in livers of Gadd45b+/+ and Gadd45b–/– mice prior to (n = 3) or 24 (n = 4), 36 (n = 6), and 48 hours (n = 20) after PH. Values are mean ± SEM. 
**P < 0.01. (B) Images of liver sections depicting representative clusters of BrdU+ cells from the mice shown in A. Original magnification, ×40. 
ELISA showing concentrations of TNF-α (C) and IL-6 (D) in livers of Gadd45b+/+ and Gadd45b–/– mice (n = 3) at the indicated times after PH. 
Values are mean ± SEM. (E) RT-PCR showing Tgfa mRNA levels in livers of Gadd45b+/+ and Gadd45b–/– mice at the indicated times after PH. 
(F–H) Western blots showing levels of TGF-β, HGFα, and cell cycle–regulating proteins in livers of Gadd45b+/+ and Gadd45b–/– mice at the 
indicated times after PH. n.s., nonspecific.
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Increased apoptosis in livers of Gadd45b–/– mice after PH. (A) Histomorphometric quantification of TUNEL+ nuclei in livers of Gadd45b+/+ and 
Gadd45b–/– mice prior to (0; n = 3) or 48 hours after (n = 16) PH. Values are mean ± SEM. **P < 0.01. (B) Images of liver sections depicting 
representative clusters of TUNEL+ cells from the mice shown in A. Original magnification, ×40. Open arrowheads, TUNEL+ hepatocytes with evi-
dent chromatin condensation. (C–F) TEM images showing hepatocytes from representative Gadd45b+/+ and Gadd45b–/– mice prior to (0 hours) 
and 48 hours after PH. (C and D) Hepatocytes from untreated animals exhibiting a thin nuclear envelop (NE), distinct nucleoli (N), euchromatin 
(E) associated with the nuclear pores (P), ER, and mitochondria (M). (E) Hepatocyte from a hepatectomized wild-type animal displaying many 
of the same features of the cells depicted in C and D. H, heterochromatin. (F) Hepatocyte from a hepatectomized Gadd45b–/– animal displaying 
signs of necrosis, including cytoplasmic disorganization (CD) with the presence of poorly defined organelles and ER, swollen organelles (S), and 
only few intact mitochondria. The nucleus shows dense marginated chromatin (MC) and few nuclear pores. F, intracytoplasmic fat. Scale bars: 
2 μm. (G) Western blots showing procaspase-3 and PARP-1 cleavage products and c-FLIPL levels in livers of Gadd45b+/+ and Gadd45b–/– mice 
at the indicated times after PH.
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Impaired proliferation but relatively normal cell-cycle entry and cytokine 










Exacerbated JNK activation in livers of Gadd45b–/– mice after PH. (A and B) Western blots with antibodies against phosphorylated or total 
kinases and c-Jun, and kinase assays (K.A.) showing MKK7, MAPK, and c-Jun activation in livers of Gadd45b+/+ and Gadd45b–/– mice at the 
indicated times after PH.
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the number of BrdU+ cells became most evident with time, reaching 
statistical significance only at 48 hours (Figure 2A; P < 0.01; see also 



























Deletion of JNK2 completely corrects the defective regenerative response of Gadd45b–/– mice. ALT (A) and AST (B) activities in sera of 
Gadd45b+/+ (n = 5), Gadd45b–/– (n = 14), and Gadd45b–/–Jnk2–/– (dKO; n = 7) mice 48 hours after PH. Values are mean ± SEM. *P < 0.05. (C) 
Images of liver sections depicting representative clusters of TUNEL+ cells from the mice shown in D. Original magnification, ×40. White arrow-
heads, TUNEL+ hepatocytes with evident chromatin condensation. (D) Histomorphometric quantification of TUNEL+ nuclei in livers of Gadd45b+/+ 
(n = 5), Gadd45b–/– (n = 14), and Gadd45b–/–Jnk2–/– (n = 7) mice 48 hours after PH. Values are mean ± SEM. *P < 0.05, **P < 0.01. (E) Images of 
liver sections depicting representative clusters of BrdU+ cells from the mice shown in F. Original magnification, ×40. (F) Histomorphometric quan-
tification of BrdU+ nuclei in livers of Gadd45b+/+ (n = 5), Gadd45b–/– (n = 14), and Gadd45b–/–Jnk2–/– (n = 7) mice 48 hours after PH. Values are 
mean ± SEM. *P < 0.05. (G) Western blots with antibodies against phosphorylated or total JNK1/2 or c-Jun showing JNK and c-Jun activation in 
livers of Gadd45b+/+, Gadd45b–/–, and Gadd45b–/–Jnk2–/– mice prior to (0 hours) or 48 hours after PH. Each lane represents a different mouse.
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Normal susceptibility of Gadd45b–/– mice to ConA-induced hepatotoxicity. (A) Kinase assays showing JNK activation in livers of Gadd45b+/+ and 
Gadd45b–/– mice at the indicates times after ConA injection (25 mg/kg), in the presence or absence (–) of BHA treatment. Total JNK is shown 
(Western blots). (B) Kinase assay showing IKK activity in livers of Gadd45b+/+ and Gadd45b–/– mice treated with ConA as in A. Total IKKβ is 
shown (Western blots). (C) Histomorphometric quantification of TUNEL+ nuclei in livers of Gadd45b+/+ and Gadd45b–/– mice (n = 4) 8 hours after 
injection of saline (0 hours) or ConA (8 hours; 25 mg/kg). Values are mean ± SEM. (D) Images of TUNEL-stained liver sections from representa-
tive mice shown in C. Original magnification, ×40. ALT (E) and AST (F) activities in sera of Gadd45b+/+ and Gadd45b–/– mice (n = 4) 8 hours after 
injection of saline (0 hours) or ConA (8 hours; 25 mg/kg). Values are mean ± SEM.
Downloaded on March 31, 2014.   The Journal of Clinical Investigation.   More information at  www.jci.org/articles/view/33913
research article


































ROSs are not involved in PH-induced, JNK overactivation in Gadd45b–/– mice. (A) Kinase assays and Western blots with antibodies against 
phosphorylated or total kinases showing MAPK activation in livers of Gadd45b+/+ and Gadd45b–/– mice 48 hours after PH, in the presence or 
absence of BHA treatment. Each lane represents a different mouse. (B) Images of liver sections depicting representative clusters of TUNEL+ cells 
from the mice shown in C. Original magnification, ×40. White arrowheads, TUNEL+ hepatocytes with evident chromatin condensation. (C) Histo-
morphometric quantification of TUNEL+ nuclei in livers of Gadd45b+/+ (n = 3) and normally (–; n = 6) or BHA-fed (n = 6) Gadd45b–/– mice 48 hours 
after PH. Values are mean ± SEM. *P < 0.05. ALT (D) and AST (E) activities in sera of Gadd45b+/+ (n = 3) and normally (–; n = 6) or BHA-fed (n = 6) 
Gadd45b–/– mice 48 hours after PH. Values are mean ± SEM. *P < 0.05, **P < 0.01. (F) Images of liver sections depicting representative clusters 
of BrdU+ cells from the mice shown in G. Original magnification, ×40. (G) Histomorphometric quantification of BrdU+ nuclei in livers of Gadd45b+/+ 
(n = 3) and normally (–; n = 6) or BHA-fed (n = 6) Gadd45b–/– mice 48 hours after PH. Values are mean ± SEM. *P < 0.05, **P < 0.01.
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Specificity of the hepatic mechanism for control of JNK signaling dur-
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